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Nephrology—A look into the future
EDITORIAL
As has always been the case, fundamental prog-
ress in science arises predominantly from original
ideas of inspired individuals. This major determi-
nant of progress remains unpredictable, and it is in
no way related to the number of scientists working
in a specific area. In addition, as history has often
shown, serendipity, the happy choice of a particular
method, or sheer chance may result in an unexpect-
ed discovery. Hence, any attempt to glimpse into
the future must necessarily be inadequate, short-
sighted, of little lasting value, and even, hopefully,
somewhat wrong. Despite these limitations, how-
ever, the scientist always tends to ask himself what
could and should be done next. In what follows, on-
ly a few aspects will be touched upon, and the selec-
tion of even these naturally reflects only a very per-
sonal opinion.
If one considers the future of scientific dis-
ciplines, one cannot avoid considering the climate
which those involved will create. Genuine progress
comes only from the complementary relationship
between the researcher or experimentor on the one
hand, and the scholar or thinker on the other. The
scholar formulates and expresses the essence of a
discipline, thereby handing it on to posterity. The
scholar is irreplaceable. America would have been
discovered even without Columbus; Kopernikus,
however, in a sort of cosmic awakening, toppled the
earth from the center of the universe, both geo-
graphically and philosophically, freed the scientific
world from a false frame of reference, and handed
on a new dimension in thought. When all is said and
done, it is the researcher and the scholar who to-
gether establish the climate. Nevertheless, the flood
of impressive experimental findings tends to create
a situation in which the researcher in our days re-
ceives more applause and respect than the scholar
does. This creates an aura around the researcher
which works against the open and creative climate
essential for our future. Overestimation of the value
of a specific technique or approach lays the ground
for an undesirable class consciousness which pro-
duces discord rather than creative confrontation.
Recent development in renal research reflects a
common trend in biology, in that we study smaller
and smaller components in greater and greater de-
tail. Thus, the whole kidney surrenders to the single
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nephron; and the nephron, to isolated tubular seg-
ments. The logical progression to homogeneous cell
aggregates, to individual cells and isolated cell com-
ponents is already underway. What is the rationale
behind this? The last 20 years have delivered a tre-
mendous amount of phenomenologic information
about kidney function, and we have learned, for ex-
ample, much about the functional characteristics of
individual tubular segments and the site of action of
hormones. Yet, we know practically nothing about
the intracellular mechanisms behind these phenom-
ena. This lack of information is certainly one reason
why, in general, our therapy in renal disease contin-
ues to treat symptoms rather than causes. The two
major weapons in our therapeutic armamentarium
are transplantation and dialysis—both are phenom-
enologic or symptomatic treatments, in spite of the
many years of intensive basic research. Therefore,
uncovering the intracellular mechanisms behind
tubular function will be one of the most important
tasks in the coming years. This is one reason for the
trend of investigating smaller and smaller elements
of tissue.
This demands new methods. One possibility
would be to isolate a specific type of cell and to
grow it in culture. The culture of kidney cells has
been performed for many years, but these kidney
cell lines are not yet ideal because of the hetero-
geneity of their cell origin. Should it prove possible
to culture individual cell types at will, the possi-
bilities of investigating the intracellular mechanisms
of transport, cell metabolism, and hormone action
would be enormous. Furthermore, such techniques
would allow us to examine cells about whose func-
tion we know practically nothing, for example, the
mesangial cells and the peripolar cells in the glomer-
ulus, the macula densa cells and lacis or Goor-
maghtigh cells of the juxtaglomerular apparatus, the
light and dark cells of the distal tubule and collect-
ing duct, and the epithelium covering the renal pa-
pilla. A word of warning is appropriate here. The
further we depart from the intact organ and prog-
Received for publication July 5, 1978.
0085-2538/79/0015-0001 $01.20
© 1979 by the International Society of Nephrology
Counts
p
Analyzer
Energy
Electron
beam
Specimen
K
Image formation
2 Thurau
Fig. 1. Schematic representation of electron microprobe analysis of intracellular concentrations of elements in renal tubular epithelium.
ress towards smaller tissue components, the greater
difficulty we have in interpreting these results ob-
tained under highly artificial conditions. Those of us
who, for example, use micropuncture techniques,
myself included, certainly have often overlooked
the artificiality of our methods—and I will return to
this later.
Another approach which may be of help in dis-
closing the intracellular mechanisms is the study of
single cells, possibly in their natural environment.
To a certain extent this is underway, for we already
know something about the intracellular distribution
of enzymes along the nephron and about electrical
properties of individual cells and cell parts. Of par-
ticular interest is the quantification of intracellular
electrolyte composition. Only when this is known
can we hope to describe more precisely the reab-
sorbtive and secretetory processes for electrolytes
in the nephron. Let me expand somewhat on a new
approach to this problem.
Given the heterogeneity of the tubular cell popu-
lation, an adequate method of intracellular elemen-
tal analysis must include the identification of the
cell type being examined. These conditions are ful-
filled by x-ray microanalysis combined with scan-
ning electronmicroscopy, the principle of which is
demonstrated in Fig. 1. A renal tissue specimen is
bombarded with an electron beam in a scanning
electron microscope. To maintain the normal, in
vivo distribution in electrolytes within their intra-
cellular compartments, we perform the analysis on
freeze-dried sections obtained from shock-frozen
kidneys. The tissue then emits x-rays characteristic
for each of the elements present. Using an energy
dispersive system in the analyzer permits us to mea-
sure concurrently elements such as sodium, phos-
phate, chloride, and potassium, as is shown here.
The simultaneous image formation by the trans-
mitted electrons makes it possible for us to deter-
mine exactly the site of intracellular analysis, as
schematically illustrated in the right-hand corner of
Fig. 1, where the rectangular, black areas indicate
the site of measurement in the cytoplasm or in the
nucleus.
Fig. 2 shows original tracings from the micro-
probe. On the left is a section of kidney with proxi-
mal and distal tubules with a standard albumin elec-
trolyte solution at the surface. On the right, at the
top the electrolyte profile is shown for extracel-
lular fluid containing sodium, 160 mmoles/kg of
wet weight, chloride, 120 mmoles, and potassium, 4
mmoles. Underneath is the profile obtained in the
nucleus. The analysis has shown that the concentra-
tions of sodium and potassium in cytoplasm are
practically the same as those in the cell nucleus;
thus, confining the measurements to the nucleus en-
ables reliable estimates to be made in cells such as
those of the proximal tubule, where basal infoldings
and the brush border reduce the area of intracellular
space that is available for electron beam analysis.
Future nephrology 3
Fig. 2. Original tracings from electron microprobe anah'sis performed on a freeze-dried section from shock-frozen rat kidney (left). The
upper tracing is obtained from a standard albumin electrolyte solution attached to the renal surface immediately prior to shock-freezing.
The lower tracing is obtained from a nucleus of a proximal tubular cell. The numbers are concentrations in mmoles per kg of wet weight
(unpublished data of Dorge, Bauer, Beck, Mason, and Thurau).
Table 1 summarizes values for intracellular sodium,
chloride, phosphate, and potassium for the proxi-
mal and distal tubular cell of the rat kidney. In the
distal cell, sodium and chloride are statistically
lower compared to the proximal cell, and phosphate
is higher. Determination of intracellular electrolytes
appears to be a very sensitive measure to functional
alterations, for example, under pathophysiologic
conditions. Such an example is shown in Fig. 3. Af-
ter 60 mm of renal ischemia, the normal intra-
cellular electrolyte composition is no longer main-
tained. Sodium is elevated to 125 mmoles/kg of wet
weight; chloride, to 80; and potassium is lowered to
approximately 45. Somewhat to our surprise, only
60 mm after reestablishing perfusion of the kidney
with blood, the intracellular electrolytes returned
practically to normal. Given this example, one may
appreciate just how important it is to develop meth-
ods that will allow us to quantify the intracellular
reaction conditions.
Not only is further progress in nephrology to be
heralded by the development of new techniques and
new concepts but also by revisiting the past to cor-
rect errors and to fill in omissions. Indeed, one of
the most serious deficiencies in experimental re-
search in renal physiology has been the lack of at-
tention paid to the condition surrounding the ani-
mal's kidneys. The state of fluid and electrolyte bal-
ance of the animal, surely one of the most important
determinants of renal function, cannot be controlled
adequately under many experimental conditions.
Replacement of body fluids lost during anesthesia
and surgery obviously does not return the animal to
its "normal condition." Now, I realize that such al-
Table 1. Intracellular concentrations in rat kidney electron microprobe analysisa. b
Sodium Chloride Potassium Phosphate
mmoleslkg of d' wt
Proximal tubule (85) 19.4 0.5 24.9 0.9 131.4 2.8 159.0 3.4
Distal tubule (35) 11.4 l.3' 16.2 1.2" 131.1 4.1 187.0 4.2
a All values are SEM. Parentheses contain number of tubules tested. (Unpublished data of DOrge, Bauer, Beck, Mason, and
Thurau.)
Difference is statistically significant.
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Fig. 3. Electron microprobe analysis of intracellular electrolyte
concentrations of the rat proximal tubule in control, after 60 mm
of renal ischemia (renal artery occlusion), and 60 mm after rees-
tablishing perfusion of the kidney with blood (unpublished data
of Dorge, Bauer, Mason, and Thurau).
:iii'+Glomerularborn fluid Low salt, 6.0 1.7 nI/mm/mm
High salt, 4.3 1.4 nI/mm/mm
Fig. 4. Volume reabsorption rate in the rat proximal tubule dur-
ing microperfusion with glomerular-born tubular fluid obtained
from rats kept on a low-, or high-salt diet and with artificial Ring-
er's solution. Perfusion rates were 30 nI/mm (unpublished data of
Dr. Haeberle).
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Bedürfnis der Physiologie nach einer philoso-
phischen Naturbetrachtung," he said: "Try only to
coerce nature by any forceful means, in distress
she will respond to us in sufferage." To continue
to investigate experimental systems which have
convenience as their only virtue will lead backward
instead of forward.
The errors which we continue to make, perhaps,
are as disconcerting as are our omissions. Let me
illustrate this. Over the past years the isotonic vol-
ume reabsorption in the proximal convolution has
been quantified using numerous sophisticated mi-
croperfusion techniques under highly standardized
conditions. Fig. 4 shows results of a microperfusion
experiment which has recently been performed in
our laboratory by Dr. Haeberle. As usual, Ringer's
solution from a beaker was used as the perfusate
(Fig. 4). At a perfusion rate of 30 nllmin, the tubular
epithelium reabsorbed 3.1 1.0 nllminlml of length,
a rate which compares well with those in the litera-
ture. Unfortunately, Ringer's solution is apparently
a very inadequate substitute for naturally occurring
tubular fluid. If the tubule is perfused with its natu-
rally occurring fluid, in other words, if one collects
tubular fluid from neighboring nephrons and then
uses this harvested fluid as the perfusate, the data
change considerably. The tubular fluid from low-
salt animals is reabsorbed almost twice as fast as
Ringer's solution is, and even tubular fluid from
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terations may not be critical when, for example,
studying whether a certain substance is transported
actively or passively, but it is vitally important in
experiments in which the regulatory or hemeostatic
functions of the kidney are being studied. In pre-
vious decades renal physiology was considerably
advanced by studying those animals whose natural
habitat or genetic defects imposed extreme physio-
logic conditions on them. We are surely indebted to
the diabetes insipidus rat and to the desert rodents
for our understanding of the urinary concentrating
mechanism. Thus, should we not return to selecting
experimental animals which are natural examples of
a particular regulatory task rather than to subjecting
conventional laboratory animals to extremes which
they never experience in nature? Is it wise to as-
sume that a dog or rat pumped full of saline is a
good model for studying the physiologic adaptation
to salt loading? One should recall the words of Jo-
hannes Muller (1801—1858) from his first address to
the Medical Faculty of the University of Bonn
on October 24, 1824. In this lecture, "Von dem
/,
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Let me turn for a moment to the important sub-
ject of hormones formed and acting within the renal
tissue, such as angiotensin, bradykinin, and prosta-
glandines. Let's face it, we know very little about
the existence of a low molecular weight protein
which influences the reabsorbtive process. Perhaps
this is the same phenomenon that is responsible, on
a larger scale, for the functional deterioration which
occurs when an isolated kidney is perfused with ar-
tificial solutions. It therefore seems very probable
that the quantitative description of tubular transport
processes will have to be rewritten.
high-salt natriuretic rats is reabsorbed faster than is
Ringer. Thus, there appears to be something con-
tained in naturally occurring tubular fluid which is
absent in Ringer's solution, and evidence points to
the physiologic role that these substances play in
the kidney. It is a common biologic principle that
the functional coupling between different cells is
achieved by the formation and destruction of hor-
mones or transmitters at their site of action. This
highly restricted localization of hormone action is
achieved because the appropriate enzymes are
structually bound at that site. This has serious con-
Fig. 5. Courtesy of Prof. Agatnemnon Despoloulos.
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sequences for the experimental investigation of the
physiologic function of the hormones. It is quite
clear that by applying hormones in the blood
stream, we cannot mimic their physiologic action.
They will reach cells in the kidney not normally ex-
posed to them, and they will reach their target cells
in unphysiologic concentrations. What we need are
new methods which allow us to apply the hormones
locally and which enable us to measure the concen-
trations which occur naturally at the coupling site.
This is a situation similar to that with which the
neurophysiologists were confronted when elucidat-
ing the action of acetyicholine or gamma amino-
butyric acid as transmitter substances. Thus, we are
faced with enormous methodologic difficulties, but
without the development of new techniques, we will
probably not advance any further our knowledge
about the intrarenally formed and acting hormones.
A very sensitive area in any scientific discipline
and important for its future is, of course, the fate of
manuscripts submitted to the various journals for
publication. I am not referring to any specific jour-
nal. After considerable editorial experience with
many journals, however, it is my feeling that, when
asked to referee a manuscript, we may not fully ap-
preciate the task with which we have been en-
trusted and the privilege of seeing an unpublished
work. It should remain clear that the responsibility
for the intellectual content of a paper lies exclusive-
ly with the author, and it is the job of the referee
only to assess the relevance of the investigation and
the adequacy of the methods and interpretation.
Maybe it is too much to hope for!—namely, to read
and to evaluate the work of others without project-
ing one's own ideas, prejudices, and opinions into
it. I can only hope that each of us will recognize this
inherent danger.
That brings me to the end, and I have only one
little thing left. As I was preparing this talk, I came
across a picture (Fig. 5) that Professor Agamemnon
Despopoulus gave me some years ago on becoming
aware of my rocklike faith in the future of nephrolo-
gy. Long may the kidney continue to secrete prob-
lems worth investigating.
Acknowledgments
KLAUS THURAU
Munich
This was an address delivered at the closing ple-
nary session of the VII International Congress of
Nephrology, Montreal, 1978. The work referred to
herein was supported by a grant from the Deutsche
Forschungsgemeinschaft. Discussions with friends
and colleagues helped to formulate the ideas ex-
pressed in this lecture, especially with Drs. Gerhard
Giebisch, Leon Isaacson, Michael Horster, June
Mason, Maurice Burg, and John Davis.
